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ABSTRACT

Given the use of and exposure to fibrous glass lagging aboard
submrines, a review of current scientific articles on the potential health
hazards of fibrous glass was conducted. The review includes studies using
animal, in vitro, and human data. No data were available on fibrous glass
aerosol measurements aboard submarines. The majority uf the studies reviewed
did not deem human exposure to fibrous glass as a significant health hazard.
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INTRODUCTION

The submarine atmosphere is a topic of inLerest, considering that once
submerged, the craft relies on its own electrostatic )recipitators (ESP's),
scrubbers, and filters to create, ideally, an environment with minimal
aerosolized toxic materials and other by-products. Historically, atmosphere
sampling aboard nuclear submarines has shown cigarette smoke, lubricating oils,
and cooking oile and fats to be the major contaminants 1.)9-T Y Other
contaminants include: ozone, (major source: by-product of the ESP's);
Preon,(major source: ship's refrigeration system and air coniditioning plants);
hydrogen, (major source: ship's batteries); carbon dioxide, (major source:
human respiration); and carbon monoxide, (major source: cigarette smoking)
(47T)". Contaminants tested for but not found were elemental mercury, and
asbestos X " D

Considering that asbestos is no longer recommended for use, secondary to
its carcinogenic and co-carcinogenic qualities, fibrous glass As become a
common substitute. One use of fibrous glass aboard the Ohio class submarine is
acoustic and thermal insulation around perforated ducting, which runs through
many exposed, high traffic spaces, i.e. crew's berthing spaces. Although the
raw fibrous glass is protected from the environment it is possible, through
natural wear end tear of the housing material, that at some time the insulating
material may become exposed anc. mechanically aerosolized. Obvious questions
then are: a) do submarine aerosols contain fibrous glass, and b) are there
health hazards related to the inhalation of these fibers?-,,

FIBROUS GLASS AEROSOLS ABOARD SUBMARINES
To date no studies have been done to identify and quantify fibrous glass

aerosols aboard su' -arines either through General Dmnmics, Electric Boat
Division, Groton, C-nnecticut or the Plaval Submarine Medical Research
Laboratory, Groton, ronnecticut. Relatively few studies have been generated on
the topic of fibrovt' dlass aerosols in the medical literature. The remainder
of his paper reviews our current knowledge as to the health hazard of
exposure. i-ý-•:• "A' :• C •:r, --

v AEROSOLS. An aerosol is simply a solid or liquid particle suspended
In a gas. The term includes both the liquid or solid, and the gas (40).
Aerosol concentrations are expressed as either; 1.) mass concentration, lhich
is t e mass3of the particulate in a unit volume of the aerosol, i.e. g
"mg/m , ug/m, (this is the most common method), or 2.) number concentration.,
which is the number of particles per unit volume of aerosol, i.e. # of
fibers/cc, mppef (million particles per cubic foot).

FIBROUS GLASS. To satisfy the definition of fibrous glasL two
criteria must be met; 1.) a length-to-diameter ratio that equals or exceeds 3:1
and 2.) the composite of elements and ions in the fiber do not have a well
ordered, regular structure with respect to each other. The fibers art, glassy
in appearance, not crystalline, as in asiestiform minerals, (40,42).



Historically fibrous glass was called mineral wool, which was a
generic term for either slag wool or rock wool. Slag wool was produced by
melting and ?iberrizng molten Iron ore, and was probably comeroially done
around 1885, In Manchester, England. Rock wool was produced by melting and
fiberizing naturally- occurring rooks and was first produced commercially in
this country around 1900 In Alexandria, Indiana, (61). Using fibrous glass as
thermal insulation In a private home was first accomplished by Owens-Corning
Company In 1933 In Lima, Ohio, (71). Processing and procedural adjustments of
the molten glass has made fibers thinner and more consistent in diameter, which
make modern fibrous glass what it is today.

Fibrous glass is of two forms, continuous filament and glass wool.
Continuous filament, is used in textiles and fabrios, reinforcements in
plastics, rubber, and paper, and has mean diameters between 6-10um. The second
type is glass wool, and Its most common use is for thermal and acoustic
insulation. Diameter is Important, as its thermal Insulation effectiveness
varies inversely with its diameter. S1ze varies from submicron to lOum in
diameter, (42).

'EALTH HAZARDS OF FIBROUS GLASS AEROSOLS

The National Institute for Occupational Safety and Health, (NIOSH), first
becaso Interested In setting criteria for fibrous glass in 1968, when it had to
address a list of 400-500 potentially harmful substances, of which fibrous
glass was no. 40. In 1974 NIOSH held a symposium to bring together leading
researchers in the field; in order to document what was presently known, and to
Identify on-going, or future research on the health hazards of fibrous glass.
Basaed on the data available In 1977, NIOSH listed fibrous glass aerosols as a
nuisance Just, putting It in the saene otegory with paper dust, cotton dust,
eta. setting exposure limits of 10 mg/c I based on an 8 hr/day/4O week
exposure.

The same topics that weia of interest in 1974 continue to rresent, and the
data base has expanded. The carcinogenicity of asbestiform minerals is of
great concern, especially when considering the increased use of fibrous glass.
The long-ters effects have continued to be studied. Fibrous tissue formation
and carcinogenicity due to fibrous glass has been demonstrated in animal models
after intrapleural and intraperitoneal Implantation of fibrous glass, (Stanton
and Wrench 1972, Wagner et al 1973, and Stanton 1977). Fiber diameter and
length seem to determine Its pathogenicity, with long thin fibers being the
worst offenders. This phenomenon has been well studied and is believed to be
related to the carcinogenectty of asbestos (36, 61, 90). Glass fibers
mechanically induce damage rather than chemically. With increased use of fiber
glass, often replacing asbestos, more needs to be known about its health
effects. First and foremost, in order for fibrous glass to become a problem,
it must first be inhaled, and to be inhaled, it must first be aerodynamically
suitable.

LUNG DEPOSITION. The aerodynamic properties of fibers are best
expressed as the aerodynamic diameter (D ). The D is defined as the
diameter of a unit ders3ty (1 g/co) spheft that hashe sa3e settling velocity
as the particle being studied, regardless of shape. Suffice it to say, the
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physics behind this seemingly simple definition are beyond the scope of this
paper, however, let it be understood that the aerodynamio diameter standardizes
not only for shape, but also for density. So, the aerodynmic properties of a

glass fiber with ma aerodynmic diameter of lus, (actual diameter of about
.35um) will be the ame as the aerodynamia properties of a droplet of water
(density 1 g/cc) with a diameter of lum. Aerodynamic properties are important
for inhalation, but once inhaled, mechanims of deposition become equally as
parmowat. •

There are five mechanisms of particle deposition, four of which are
Important here. First is sedimentation, and it is propori.ional to the settlirg
velocity of the particle and time available for settling. Next is impaction,
which is determined by the inertial forces of the particle when a change in
direction of airflow occurs, and it is also proportional to the settling
velocity. Thirdly Is Brownian displacement which is significant only for small
particles in small airways. Finally Interception, which occurs when the
effective radius of a particle is less than the distance by which the center of
the particle is separated from the airway surface. Meposition is then a
function of linear dimensions (80). Respiratory architecture has a major
influenoe on the mechanism of depositior., and location of deposition.

The respiratory architecture is made up of three regions. The head
region consisting of the nose, mouth, throat, and larynx. The tracheobronchial
region, includes the trachea, main stem bronchi, conducting, and terminal
bronchioles. The final region Is the alveolar region, and encompasses the
respiratory bronchioles, alveolar ducts, and alveoli. The first two regions
ere lined with mucous and ciliated epithelium which carry deposited particles
to the oropheryni, where the material is either swallowed, or coughed up and
spat out. The alveolar region is cleansed by the work of alveolar macrophages.
They engulf foreign particles, then transport then to the mucociliary
escalator, or traverse the alveolar epithelium and deposit themselves in the
parabrorchlal lymph nodes.

Considering the above background, fibers with slow falling velocities,

(those with small aerodynamic diameters), that are inhaled must be retained
within the lung to cause damage, if damage is going to occur. This means the
fiber tiuat be small enough to make it past the nasal hair filter, without being
deposited In the traoheobronchial tree by impaction or interception, which
would lead to removal of the fiber via the muocciliary escalator. If it can
reach the alveolar region, it then has the chance to be deposited by
sedimentation or B'omian diffusion. Most studies agree that a reasonable
upper limit of fiber diameter, for a fiber to reach the alveo3.ar region, is
around 3.5um (or about a 10ul. aerodynamic dimeter) (80). The question now
arises, once deposited in the alveolar region does damage occur?

ANI1MAL DATA ON DEPOSITION

Griffis et al, (30), used beagle dogs to determine the mount of inhaled
radioactive glass fibers (mean diameter .15urn and mean length 5.4um) that are
deposited, after inhalation, in the alveolar region of the lung. The animals
were monitored for four days post-inhalation. The dogs wert then sacrificed
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and redioactivity wan totaled tram the exareta, gastrointestinal tract, head,
trachea, and lungs. From this it. was determined that 116% of the total mass
inhaled was deposited In the deep lung. Griffis' method was in good agreement
with other studies, (30).

The location of deposition is likely going to be associated with sites of
Initial dmage caused by inhaled fibers. Until recently, location of fiber
deposition within the alveolar region has been based on mathematical
formulation, (50). Brady and Roe, (12), demonstratedusing rats and hmsters,.
that inhaled particles small enough to reach the alveolar zone are deposited
primarily at the alveolar bifurcation. The biological signifioance of this
being there exists evidence that the initial lesions of asbestosis are a result
of cellular responses at alveolar duct bifurcations. Whether this holds true
for fibrous glass has yet to be reported, (12).

To document cellular and tissue changes, several investigators have tried
intreatracheal, intrapleural, and intraperitoneal injection of varying mounts
and dimeters of glass fibers Into animal models, %ith varying results.
Stanton and Wrench, (1972), Pott et al, (63), Stanton, (1977), and Pott et al,
(1983), have produced pleurel and perltoneal mesothg•lcaas by direct ýnjection
of large doses, (up to 40mg), of glass fibers with mean diameters less than
1i. Others, (17,24), have tried to reproduce these findings but have not been
successful. Failure has been conjectured as secondary to smaller doses avtd
inadequate time Interval for experimental runs.

Inhalation studies, which more closely approximate the human aquisition of
fibroup qlaas, have for the most part failed to produce significant lung
pathology. Dothem, (11), Gross, (31), and Schepers, (71) all used glass fibers
with mean diameters less than 1 um in inhalation studies with mice, rats,
hmsters. and monkeys. Results suggested a marked cellular response, i.e.
macrophages containing glass fibers, and formation of giant celln, but no
parenchymal fibrosis or carcinomata.

•ernstein et al, (6) varied the length and dose of the fibers in an
inhalation study using rats. Three study groups werc created in this assay;
group I rats were exposed to an inhalant conttining glass fibers with average
dimensions of 1.5 un x 60 um given in a uose of 20 mg, group II rats received
fibers with the average dimensions of 1.5 um x 5um given in a 2 mg dose, group
III rats received the same fibers as group II rats except they were given in a

20 mg dose. These results also suggested a cellular response. Within groups
II and III aggregations of glass fiber laden macrophages in the alveoli and
lmph nodes were noticed. Except for a few small granulomata in group III,
groupa II and III only differed in magnitude of the response. The majority of
fiber burden in group I was found in relatively large foreign body granulomata.
No long fibers were noted in 1,iph nodes, suggesting lack of tranolocation.

To date animal studies have been carried out by either: 1.) artificially
introducing glass fibers, (intratracheal, intrapleural, or intraperi tonsal
instillation), cr by 2.) inhalation of aerosolized fibers. The results, i.e.
mount of tissue dmage, between these methods are a polar phenomena.
Explanations for this vary. In a study by Pickrell et al, (62) both

intratracheal instillation and inhalation of glass fibers was carried out
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resulting in the expected dichotomous data, i.e. intratrachoal instillation
producing non-malignamt lung dimage, while the inhalation studies Indicated
uminmal P ehangt. The au*hors suggested that even though the animals were
xposed to large mounts, (5•,O00 fibers/cc) of aerosolized fibrous glasa, the

net mount Inhaled was only about 3-5% of the lowest conoentration of
Intratracheal Instilled fibrous glass. Thus the difference in results of this
study and others, may be related to actual lung burdens. Griffis et al, (29),
suggests this ame doNe-response relationship to explain the differenc in
noted results between the two methodologies.

IN VITRO DATA. In vitro stUdies, (1,10,36,9749O), focus mainly on
oytotoa•oity of fibers to differing cell lines or cultures. In a study by
Brown et al, (1M), they concluded that fibrous glass was oytotoxic to ChInese
Hmster V794 cells and a human tumor line of type 11 alveolar cells A5r9.
Results suggested a threshold done effect. Fibers with diameters less than 1.6
un and lengths greater than 10 um were cytotoxic as measured by malignant or
promalignant chafges In cell lines. Shorter and fatter fibers semed to be
Inactive, however*, alto et al, (1), noted Just the oppo8it effect from mall
and fat fibers. They suggested that these fibers ware capable of inducing
macrophage Librogenic factor (IIF). MIF is a substance produced by macrophages
to stimulate fuontional motivity of fibroblast, thereby leading to fibrosis.
Other indacers Include crystalline silica and aabestoa.

Huama bronchial cell cultures were used to determine cytotoxicity of
four different fibers, one being fibrous glass (36). Results showed that
fibrous glass via only mildly cytotoxic. Fibroblast cells from the same human
donor were even more resistant to fibrous glass than the bronchial cells,
showing no significant toxic effects. Though the authors offered no biologic
significance to these findings, one can draw from the 0onctusions made
concerning asbestos in this same study. Asbestos was found to be highly
cytotoxic to human bronchial cells, and capable of stimulating abnormal cell
growth patterns eomonly observed in the pre-malignant human bronchus. It was
demonstrated by electron microscopy that the asbestos fibers were phagocytized
by the bronohial cells. Those cells thp'. were Introduced to larger fibers
minifeated more of the pre-malignaet changes. Two mechanisms of action behind
these changes are suggested: 1) mechanical induction of plasma membrane
defects or 2) interaction between fiber and plaia mambrane may lend to
Increased permeability of carcinobens, which would then induce changes.
Perhaps since fibrous glass frapents along the horiLntal axis (as opposed to
the longitudinal axis like asbestos) resulting in rclatively shorter fibers,
the plasma membrane-fiber interaction is decreased. This could explain the
lack of cytotoxioity of fibrous glass in this study.

HUMAN DATA. Human data consists to a large degree, of epidemiological
and mortality studies. For the most part human exposure and animal inhalation
data are in good agreement. Early reports, (83,59,32) have included written,
radiologic, pulmonary function, and histologic surveys sugesting that
exposures to fibrous glass dusts are not associated with harmful health
effects. Same of these studies have been criticized for not quantitating the
respirable fiber concentration, or not allowing adequate time after exposure to
pick up latent pathology. More recent studies have been better designed to
consider these important aspects.



In a study by bumi et al, (20), the concentration of fibers exposed
to mploye•s ot 16 fibrous glass or mineral wool plits was quantified.
bposure was expreased as mass conmentration, (mVm ), and fiber

oesentrationta, (fibers/ee). Fiber counting for fiber concentration used both
tue optical and electron mIlrosope. Data were dlsplaed separately jor both.
r" amI eonnentrations var d from les then . 1 mg/a to over 8mg/rn for the
16 p•ants•. The median value of average exposure concmetrstion was about 1.0
mg/. The fiber con.entretion fot all fibers ranged from .003 to more than 6
fibers/oc. The median value of average exposure concentration under the
optical microscope was .02 fibers/o., and for the electron mncrosuope,
(oorresponding to sum oron fibers), about .013 fiber/oc. It was determined
that the Aubsiron diameter fiber concentration was about 25% of total fiber
oomentratino.

Using this data, own displayed aimu)&atve distributions of airborne
fiber diameters and determined that as fiber diameter Increased in sin, the
pereantage of airborne fibers would decrease. Three um was assimed to be the
diameter of a respirable tiber, that is, upon Inhalation by man a fiber 3 us or
less am penetrate beyond the cillated epIthellum. Given this assumption, It
was shown that 100% of the fiber burden with a nominal diameter of .07 um or
less were repitrable. Likewise, fibers 6 ur and 10 us In nominal diameter,
approxiastely 65% and 50% of the fiber burden, respectively, will be of a
respirable diameter.

Nargan and Kaplan, (57), conducted a retrospective study of 6,536
employees engaged in fibrous glass production for 10 or more years. Results
from this study sqgeasted no statistically significant Increased mortality for
any caue of deaths, in particular no excess of fatal malignant or non-malignant
respiratory diseases, O this group, 1,272 individuals were employed 20 or
more years arA had experienced 30 or more years of lateno, at the time of the
study. Separate analysis on this subgroup indicated no Increased risk for lung
cancer or chronic respiratory disease related to increa'ed years of employment
or time In latency.

There have been a handfut of studles, (68,70), that have reported a
signifilant excess of lung cancer deaths among employees of fibrous glass
plants. Howyver, Weill, (88), Enterline, (19), and others, (49,57) suggested
oonfourding elements such as smoking history and previous occupational
exposures were not taken Into account nor controlled for.

Weill et al, (88), controlled for smoking history and age In a study
of 1,028 employees of 7 fibrous glass or minersl wool plants, (median length of
employ•ent a 18 years). Results Indicated no substantial lung disease in this
cohort. Worker exposure was determined, and the highest concentrations ware In
a plan., (plant 5), producing a majority of microfibers. For fibers in the 1-3
us diameter range the median concentration was .210 fibers/cc, (all other
plants < .032 fibers/cc). For fibers less than 1 mn In diameter, the median
concentration for plant 5 was .928 fioers/co, (all other plants < .040
fibers/cc, except for plant 3 which haC a median of < .203 fibers/cc).

Faterline et al, (19), In their mortality study wanted to compare
results with a study by Robinson et al, (68), which suggested an excess in
respiratory malignancies among fibrous glass workers exposed to fibers less



then 3 us. 1nterline used a cohort of 12,801 employees of 17 glass fiber or
mineral wool plants, with at least 1 year's exposure to fibers less than 3 um
in dimter, between the years 1940 and 1963. Mean exposure to fibers leas
than 3 u was .039 fibers/cc for a mean of 11.17 years for fibrous glass
workers, and a mwan exposure of .353 fibers/co for a mean of 11.08 years for
mieral wool workers. Tw Robinson et al group used data on 1,448 of these
JaMe employees, (plant 9), for their study. The data produced by EIterline et
al osuld not support the Robinson findInQ. nterline went on to report that
respiratory malignancies were not significantly in excess among the cohort
under study, but there me an excess of non-malignant respiratory disease
deaths. The authors included a caveat to the last finding admitting not to
have controlled for smoking or previous work exposures, which In their opinion
*aeken this finding significantly.

3UIMRY. The obvious obstacle when studying health effects of
environmental agents, such as fibrous glas, is the lengthy period of latercy.
The data on asbestos has typified this. In view of the asbestos story, it
seema the damage is caused via its physical properties rather than its chemical
properties, long thin fibers being the most harmful. Unlike asbestos,
fiberglass does not fragment longitudinally into thinner and thinner fibers,
rather it frapents horizontally Into shorte fibers. The shorter and thicker
fibers probably relate to the lack of pathogenicity of fibrous glass.

To data animal Inhalation and husan studies are in agrement, with no
apparent long term, untoward health effects from fibrous glass aerosols. The
support for the potential of injury comes from animal studies using artificial
methods of instillation (Intratr-eheal, intrapleural, intraperitoneal) of large
doses of glass fibers, producing pleural and peritoneal mesotheliamas. As
Piokrell et al pointed out, animal inhalation studies using exposure
concentrations of 50,000 fibers/cc ere only 3-5% of the lowest intratracheal
installation concentration. The human exposure concentrations collected from
the data reviewed, showed exposures from .003 - 6 fibers/co I Realizing the
orders of magnitude difference between animal exposures that produce cancers
and actual human exposures make it difficult to translate from one model to the
other.

The in vitro data to date adds little enlightenment either way given
the difficulty of extrapolattng data to the husan condition. Its greatest
asset will probably lie in its ability to demonstrate meohanisms of injury.

RECOIENDATION

Published literature to date suggests that human exposure to fibrous
glass aerosols Is nrot a significant health hazard, especially regarding any
increase in malignant and non-malignant respiratory disease. This appears even
more evident after controlling for age and soking histcy. It is reoemended
towever, (46,49), that high standards for use be mainta:.ned, including minimal
airborne exposure, respiratory protection -s well as eye and skin protection,
n• "hat our current loak of scientific proof does not lead to a faise sense of
camplaceny, as we once were in regard to asbestos.



1. Ltiolt 1N., Heppleston &*Go Fibrogeinesis by Mineral Fibrest An In vitro
Study of tho 1R01e8 of Macrophages and Fibre LENGTH. 3r J Lx j thl
65(1) p91-9, 1984.

2. Salaev, J.L. Environmmntal total Airborne Concentrations Found In Various
Operations. Proceedings of the NIOSH Symposium on Occupational
Exposures to Fibrous Glass. Washington, D.C.: U.S. Govermuent Pri.nting
Office, 1974 (CMI publication no. CNIOSH3 76-151-183-191). P.83-9.

3. Bernhart, J.N. History of the Uses/ipplications of Fibrous Glass.
Proceedings of the NI105. Symposium on Occupational Exposures to
Fibrous Mlass. Washing~.oneD.C.: U.S. Government Printing Office, 1974
0L4ME publication no. CNIOSHI 76-151-183-191). p. 27-29.

4. Daylia,, 0., Dmemnt, J.,, Wagner, J. Mortality Patterns Among Fibrous Glass
Production Workers-Provisional Report. Proceedings of the N103H
Symposium ovi Occupational Exposure to Fibrous Gless. Washington$
D.C.: U.S. Government Printing Office, 1974 (MHEW publication no.
CHIOSH 76-151-183-191). P.349-63.

5. Secklahe, M.A. Chronic Airflow Limitations: It's Relationship to Work in
Dusty Occupations. Cheat 88(4) p608-17, 1965

6. Bernstein, D.M., et al Experimental Approaches for Exposure to Sized Glass
Fibers. Health Persosect 34 p47-67, IQ80

7. Dertozzi P.A., et al Mortality from Tumors in a Factory Producing Glass
Fibers. Me Lev 75(5) p339-581, 1984

8. Bertrand, A.,, et al Fibrous Glass: Carcinogenicity and Dimensional
Characteristics. I&Ii Set Pu~i 2(30) P901-~11, 1980

p 9. Bishop, K., et al Identification of Asbestos and Glass Fibers in Municiple
Sewage Sludges. Bull Environ Contain Tox:.col 39(3) p112-3, 1985

10. Dorsulk V.P. Morphological Changes on the Upper Respiratory Tracts and
Lungs of Animals Subjected to the Inhalation Uptake of Fiber Glass
Dust. Gis Tr Prof Zabol I p44- 6 , 1980

11. Botham, S. Effects of Inhaled Fibrous Glass in the Lower Respiratory Tract
of Guinea Pigs. Proceedings of the NIOSH Symposium on Occupational
Exposure to Fibrous Glass. WashingtonD.C.: U.S. Goverrment Printing
Offices, 1974 (DHEW publication no. (SlOSH] 76-151-183-191) P133-40O.

8



12. Brody, A.R., Roe, M.W. Deposition Pattern of Inorganic Partiales at the
Alveolar Level in the Lungs of Rats and Mice. Am Rev Rescir Dis
128(4) p724-9, 1983

13. Brady, J., et al Pneu.aooonioais Associated Exposu.e to Glass and Abrasive
Particles. Am J Ind Mad 6(5) p339- 1 5, 1981

14. Broan, R.L., et al In vitro Biological Effects of Glass Fibers. J Enviror
4 Pathol Toxiogl 2(6) p1369-83, 1979

15. Brown*e K. The Epidemiology of Mesothelioma. I HeS 33(4) p190-4
1983

16. Corn, M. Sampling Strategy, Air Sampling Methods, Analysis, and Airbcrne
Concentrations of Fibrous Glass in Selected Manufacturing Plants.
Proceedings of the INO3H Symposiua on Occupational Exposures to
Fibrous Glass. Washington D.C.: U.S. Government Printing Office, 1974
(DREW publication no.[NIOSH] 76-151-183-191). p91-6

17. Davis, J.M.G. Pathological Aspects of the Injection of Glass Fiber Into
the Pleural and Peritoneam Cavities of Rats and Mice. Proceedings of
the N03H 5Symposium on Occupational Exposure to Fibrous Glass.
Wauhington, D.C.: U.S, Government Printing Office, 1971 DH01W
publication no. [NOSH] 76-151-183-191). p 141-9.

18. Diment, J Envirormental Aspects of Fibrous Glass Production and
Utilization. Proceedings of the HIO1H Symposium on Occupational
Exposure to Fibrous Glass. Washington, D.C.: U.S. Government Printing
Office, 1974 ()HE1W publication no. [NIOSH] 76-151-183-191). p.97-109

19. Enterline, P.E., Marsh, G.M., Eamen, N. A. Respiratory Disease Among
Workers Exposed to Man Made Mineral Fibers. Am Rev Respir Dis 128(1)
pl-7, 1983

20. Emamn, N.A., Corn, M., Hammoad, Y., Whittier, D., Kotako, N. Summary of
Measurements of Employee Exposure to Airborne Dust and Fiber in
Sixteen Facilities Producing Man Made Mineral Fibers. Am Ind Hy&
Assoc J 40(2) p108-17, 1979

21. Esmanl, N.A., Kahn, R.A., LaPietra, D., McGovern, E.P. Generition of
Monodisperse Fibrous Glass aerosols. Am Id H•Y Assoc J 41(3)
p. 175-9, 1980

22. Emaon, N.A., et al Exposure of Employees to Man Made Vitreous Fibers:
Installation of Insulatuon Materials. Environ Res 28(2) p.3 66-98,
1982

23. Feron, V.J., et al Glass Fibers and Vapor Phase Components of Cigarette
Smoke as Cofactors in Experimental Respiratory Tract Carainogenesis.
Carcinon Cgar Surv 8 p.93-118, 1985

9



24. Feron, V.J., et al Pulmonary Response of Hamsters to Fibrous Glass:
Chronic effects o." Repeated intratracheal instillation with or without
Benzo[a]Pyrene. Ciroinolgenesis 6(00) p.1 4 95- 6 , 1985

25. Finneigan, N.J. nocupational Asthma in Fiber Glass Workers. J Soc Occup
ý,eLd 35(4 ) p. 121-7

26. Forget, G., et aI Response of Perfused Alveolar Macrophages to Glass
Fibers; Effect of Exposure Duration and Fiber Length. Environ Res
39(1) p.124 -35, 1986

27. Goldstein, B., et al A Comparisor of effects of Exposure of Baboons to
Crooidolite and Fibrous Glass Dusts. Environ Res 32(2) p344-59, 1983

28. Gos'oicki, J.W. Evaluation of Exposure of Worrkers to Glass Fibers in
Poland. Ned Pr 31(6) p.443-6, 1980

29. Griffis, L.C., et al A Method for Determinitg Glass in Rat Lung After
Exposure to a Glass Aerosol. Am Ind Hya Assoc J 42(8) p566-9, 1981

30. Griffis, L.C., et al Deposition of Crocidolite Asbestos and Glass
Microfibers Inhaled by the Beagle Dog. Am Ind d Assoc J 44(3)
p.216 -22, 1983

31. Gross, P. The Effects of Fibrous Glass Dust on the Lungs of Animals.
Proceedings of the HIOSH Symposium on Occupational Exposures to
Fibrous Glass. Washington, D.C.: U.S. Government Printing Office,
1974 (DHEW publication no. [NIOSH] 76-151-183-191). p.169-78

32. Gross, P., Harley, R., Davis,F.M.G. The Lungs oi Fiber Glass Workers:
Comparison with the Lungs of a Control Population. Proceedings of the
NIOSH Symposium on Occupational Exposure to Fibrous Glass.
Washington, D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no.[NIOSHE 76-151-183-191). p.249-263

33. Gross, P. Alleged Health Hazards Assoclated with Fiber Glass Exposure. J
Am Podiatry Assoc 69(12) 171-20, 1979

34. Gross, P. Man Made Viteous Fibers :Present Status of Research on the
Health Effects. mt Arch Occuo Environ Health 50(2) p.103-12, 1982

35. Harris, R. J. Aerodynamic Considerations; What is a Respiratory Fiber of
Fibrous Glass? Proocedings of the 1IOSH Symposium on Occupational
Exposure to Fibrous Glass. Washington, D.C.:U.S. Government Printing
Office, 1974 (DHEW publication no. [NIOSH] 76-151-183-191). p.5 1- 6

36. Haugen, A.. et al Cellular Ingestion, Toxic Effects and Lesions Observed
in 1Luan Broitchial Epithelial Tissue and Cells Cultured with Asbestos
and Glass Fibers. Int J. Cancer 30(3) p.265-72, 1982

10



37. Haun, C.C. An Investigation of the Irriatant Properties of Inhaled
Beta-Cloth Fibrous Dust Both Alone and in Combination with Low
Concentrations of C1 2 or Trichloro-Trifluoroeohane. Proceedings of
the NIOSH Symposium on Occupational Exposure to Fibrous Glass.
Washington, D.C.: U.S. Government Printing Office, 1974 (DHEW
puhlication no. [NIOSH] 76-151-183-191). p.179-81

38. Heisel, E.B. Some Cutaneous Effects of Fiber Glass Exposure. Proceedings
of the NIOSH Symposium or. Occupational Exposuri to Fibrous Glass.
Washington, D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [NIOSBH 76-151-183-191). p.205-10

39. Hill, J.W. The Epidmiology of Glass Fiber Exposure and a Critique of its

Signifioance, Proceedings of the NIOSH Symposium on Occupational
Exposures to Fibrous Glass. Washington, D.C.: U.S. Government
Printving Office, 1974 (DHEW publication no. [NIOSH] 76-151-183-191).
p.243-7

40. Hinds, W.C. Aerosol Technolo&y. Properties, Behavior, and Measurements Of
Airborne Particles. Wiley, New York. 1982

41. Holmes, A., et al Formation of Pseudo-asbestos bodies on Sized Glass
Fibers in the Hamster Lung. Ann Occup an 27(3) p.301-13, 1983

42. Indoor Pollutants p.128-34 National Academy Press, Washington, D.C. 1981

43. Kilburn, K.H. Flame Attenuated Fiberglass: Another Asbestos? Am J Ind Med
3(1) p.121-5 p.121-5

44. Konzen, J.L. Results of Environmental Air Sampling Studies Conducted in.
Owens-Corning Fiber Glass Manufacturing Plants. Proceedings of the
NIOSH Symposium on Occupational Exposures to Fibrous Glass.
Washington, D.C.: U.S. Goverment Printing Office, 1974 (DHEW
publication no. [NIOSHJ 76-151-183-191). p.115-20

45. Kusohner, N., Wright, G. The Effects of Intratracheal Instillation of
Glass Fiber of Varying Sizes in Guinea Pigs. Proceedings of the
NI(SH Symposium on Occupational Exposure to Fibrous Glass.
Washington,D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [NIOSH] 76-151-183-191). p.151-68

46. Lancet Man Made Mineral Fibers- a Sal~e Alternative to Asbestos? 1983 Nov
12:2(8359) p.1125

47. Layman, D.C. Historical Survey of Aerosol and Ozone Levels in Nuclear
Powered Submarines. Report No. B4JO3A2D-021. General Dynamics,
Electric Boat Division. August 1972

48. Lee, K.P., Barras, C.E., Griffith, F.P., Waritz, R.S., Lapon. C.A.
Comparative Pulmonary Responses to Inhaled Inorganic Fibers, Asbestos
and Fiber Glass. Environ Res 24 p.167-97, 1981

11
,-^,-% Nn & 1 I A.%A '1 Pd A .



4q. Levin, L., Purda., P.W. A Review of Health Effects of Energy Conserving
Materials. Am J Public Health 73(6) p.983-90, 1983

50. Lippman, N., Bohning, D.E., Schlesingier, R.B. Deposition .of Fibrous Glass
in tho Human Respiratory Tract. Proceedings of the NIOSH Symposium on
0ooupational Exposure to Fibrous Glass. WashingtonD.C.: U.S.
Government Printing Offices, 1974 (DHEW publication no, [NIOSH?
76-151-183-191). p57-61

51. Lucas. J. The Cutaneous and Ocular Effects Resulting from Worker Exposure
to Fibrous Mass. Prooeedings of the NIOBH Symposium on Occupational
Exposure to •'tbrous Glass. Washington, D.C.: U.S. Government Printing
Offiac, 1974 (DREW publication no. ESIOSHJ 76-151-183-191). p.211-5

52. Miller, K. The in vivo Effects of Glass Fibers on Alveolar Macrophage
Membrane Characteristics. IARC Sci Publ 1(30) p.459-65, 1980

53. Monchaux, G., et al Translocation of Mineral Fibres Through the
Respiratory System After Injection into the Pleural Cavity of Rats.
Ann Occu • . 26(1-4) p.309-18, 1982

54. Morgan, A., et al Deposition of Sized Mless Fibres in the Respiratory
tract of the Rat. Ann Occu • ijn 23(4) p.353-66, 1980

55. Morgan, A., et al Clearance of Sized Glass Fibres from the Rat Lung and
their Solubilitv in vivo. Ann Occu in 25(3) p.317-31, 1982

56. Morgan, A., et al Solubility of Rookwool Fibres in vivo and the Formation
of Pseudo-Asbestos Bodies. Ann OccuiD anz 28(3) p.307-14, 1984

57. Morgan, R.W., Kaplan, S.D. Mortality Study of Fibrous Glass Production
Workers. Arch Environ Health 36(4) p.178-83, 1981

58. Morissety, et al Effects of Styrene and Fiber Glass on Small Airways of
Mice. J Toxicol Environ Health 5(5) p.943-56, 1979

59. Nesr, A.N., Ditchek, T., Soholtens, P.A. The Prevalence of Radiographic
Abrormalities in the Chests of Fiber Glass Workers. Proceedings of
the NIOSH Symposium on Oooupatiotual Exposure to Fibrous Glass.
Washingtor, D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [MIOSH] 76-151-183-191). p.225-35

60. Ortiz, L.W., Ettinger, H.J. Cyclone Sampling of Fibrous Glass Aerosols.
Proceedings of the NIOSH Symposium on Occupational Exposures to
Fibrous Glass. Washington, D.C.: U.S. Goverrment Printing Office,1974
(DHEW publication no. [NIOSH] 76-151-183-191). p.71-8159.

61. Po'erson, J.T. Non-Asbestos Related Malignant Mesothelioma: A Review.
Cancer 511(5) p.951-60, 1981

12



,62. Pickrell, J.A., Hill, J.O., Carventer, R.L., Hahn, F.F., Rebar, A.H. In
vitro and in vivo Response After Exposure to Man Made Mineral and
Asbestos Insulation Fibers. Am Ind UyR Assoc J 44(8) p.557-61

63. Pott, F., Huth, F., Friedrichs, K.H. Results of Animal Carcinogenesis
Studies After Application of Fibrous Glass and Their Implications
Regarding Human Exposure. Proceedings of the NIOSH Symposium on
Occupational Exposure to Fibrous Glass. Washington, D.C.: U.S.
Government Printing Office, 1974 (DHEW publication no.[NIOSH]
76-151-183-191 ). p. 183-191

64. Pundsack, F.L. Fibrous Glass Manufacture, Use, and Physical Properties.
Proceedings of the NIOSH Symposium on Occupational Exposure to Fibrous
Glass. Washington, D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [NIOSH] 76-151-183-191). p.11-26

65. Randall, R.F., et al A Membrane Filter Technique for Glass Fibers. Ann
Ocup U& 29(1) p.101-8, 1985

66. Renne, R.A. Fibrogenic Potential of Intratrachial Instilled Quartz, Ferric
Oxide, Fibrous Glass, and Hydrated Aluminium. Toxicol Path 13(4)
p.306 -14 , 1985

67. Rinsky, R.A., Zumwalde, R.D., Waxweiler, R.J., Murray, W.E., Bierbaum,
P.J., Landrigan, P.J., Terpolak, M., Cox, C. Cancer Mortality at a
Naval Nuclear Shipyard. Lancet 1(8214) p. 2 31-5, 1981

68. Robinson, C.F., Dement, J.M., Ness, G.O., Waxweiler, R.J. Mortality
Patterns of Rock and Slag Mineral Wool Production Workers: An
Epidemiological and Environmental Study. Br J Ind Med 39 p.45-53,
1982

69. Rossier, R.N. Trident Atmosphere Control Sea Trial Final Report. Contract
No. NOO024-73-C-0232. 1983 Enclosure (1) to E.B. Div letter File No.
457/FOR-CE3284 Dated Jan 4, 1984

70. Saracci, R., et al Mortality and Incidence of Cancer of Workers in the Man
Made Viteous Fibres Producing Industry: An International Investigation
at 13 European Plants. Br J Ind Med 41(4) p.425-36, 1984

71. Schepers, G.W.H. The Comparative Pathogenicity of Inhaled Fibrous Glass
Dust. Proceedings of the NIOSH Symposium on Occupational Exposure to
Fibrous Glass. Washington,D.C.: U.S. Government Printing Office, 1974
(DHEW publication no.[NIOSH] 76-151-183-191). p.265-3 4 1

72. Shannon, H.S. Mortality Experience of Glass Fiber Workers. Br J Ind Med
41(1) p.35- 8, 1984

73. Sidenko, A.T., et al Complex Approach to the Scientific Elaboration and
Introduction into Practice of a System of Health Measures in the Glass
Fiber Industry and Their Hygiene Effectiveness. Gig Tr Prof Zabol 11
p.1-6, 1985

13



71'. 3inocok, A.M., at al A Comparison of the Cytogeeetic Response to A3bestos
and lass Fiber in Chinese Hamster am- Human Cell Lines:
Demonstration of Growth Inhibition in Primary Human Fibrobla3t. Mutat
fLa 101(3) p.257- 6 8, 1982

75. 3ixt, R., et al Lung Function of Sheetmetal Workers Exposed to Fiber
Glass. §Sand J Work Environ Health 9(1) p.9-14, 1983

76. Sith, H.V. History, Processes, and Operations in the Manufacturing and
uses of Fibrous Glass- One Company's Experience. Proceedings of the
NIOSH Syw,-)siu on 'Occupational Exposure to Fibrous Glass.
Washington,D.C.: U.S. Goverment Printing Office, 1974 (DHEW
publication no. [NIOH 76-15'1-183-191) . p.19-26

77. Spurny, K.R., Stober, W., Opiela, H., Weiss, G. On the Problem of Milling
and Ultrasonic Treatment of Asbestos and Glass Fibers in Biological
and Analytical Applications. _Am Ind A Assoo J 4l(3) p.198-203, 1980

78. Thomqon, G.W. Trident Aerosol Control Study Second And Third Shipboard
Test Report. Report No. B4JO3A2D-029. General Dynamics Electric Boat
Division. August 1972

79. Thomson, G.W. LSS Francis Scott Key (SSBN 657) Test Report for ULMS
Aerosol Control Study. Report No. B4JO3A2)-01O General DynmicsElectric Boat Division. May 1972

80. Timbrell, V. Aerodynamic Considerations and Other Aspects of Glass Fiber.
Proceedings of the NIOSH Symposium on Occupational Exposure to Fibrous
Glass. Washington,D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [NIOCH] 76-151-183-191). P.33-50

81. Ukpo, P.O., et al Labling Glass Fibers With 99mTc. It J A_ Radiat Isot
33(8) p.689, 1982

82. Upton, A.C., et al Pneusoooniosis and Fibrous Glass. Am Ind fyg Assoc J
40(9) p.A11,A16, 1979

83. Utidjian, N., Cooper, C.W. Human Epidemiologic Studies with Emphasis on
Chronic Pulmonary Effects. Proceedings on the NI(SH Symposium on
Occupational Exposure to Fibrous Glass. Washington,D.C.: U.S.
Government Printing Office, 1974 (DHEW publication no. (NIOSH]
76-151-1 83-1 91). p.223-4

84. van Graft, M., Spit, B.J., Immel, H.R., Feron, V.J. Pulmonary Response of
Hamsters to Fibrous Glass. Clearance and Morphology after a Single
Intratracheal Instillation. Exa Pathol 29(4) p.197-209, 1986

85. Wagner, J.C., Berry, G., Skidmore, J.W. Studies of the Carcinogenic
Effects of Fiber Glass of Different Diameters Following Intraplevral
Inoculation in Experimental Animals. Proceedings of the NIOSH
Symposium on Occupational Exposure to Fibrous Glass. Washington,D.C.:
U.S. Government Printing Office, 1974 ( DHEW publication no. [NIOSHJ
76-151-1 83-1 91). p.193-7

14



86. Wagner, J.C. Menothelloma and Mineral Fibers. Cancer 57(10) p.1905-11,
1986

87. Wagner, J.C., Moncrieff, C.B., Coloes, R., Griffiths, D.M., Munday, D.E.
Correlation Between Fibre Content of the Lungs and Disease of Naval
Dockyard Workers. Br J Ind Med 43(6) p.391-5, 1986

88. WeillH., Hughes, J.M., Hammed, Y.Y., Glindmeyer, H.W., Sharon, G., Jones,
N. Respiratory Health In Workers Exposed to Man Made Vitreous Fibers.
km Rev ReaD Di. 128(1) p.104-12, 1983

89. WHO Iv',-"tional Occupational Health Conference On Biological Effects of
Man Made Mineral Fibers. Copenhagen, 1982

90. Woodworth, C.D., et ml Induction of Squamous Metaiflasia in Organ Cultures
of Hamster Traohea by Naturally occurring and Synthetic Fibers.
Cancer Ron 43(10) p.4906-12, 1983

1r. Wright, G. The Results and Significance of Human Epidemiologic Studies.
Proceedings of the NIOSH Symposium on Occupational Exposure to Fibrous
Glass. Waahington,D.C.: U.S. Government Printing Office, 1974 (DHEW
publication no. [NIOSH ] 76-151-183-191). p.237- 42

15
• ~ ~ ~ ~ ~ ~ ~ ~ I 6•••'-••l~•i~ l' Ml~1 ri'1;l•J•11K 6'K6'%1M:'r,•!,!•[,•, ''l! I' J••W•~ • l~'.•.l'x','••• ,•,• . ''•'),' k•*• ••'• •



ACKNOWLE-DGEMENT

I would like to thank the following persons: Mr. (;ordon Thomson, chemical
eng•neer, the Electric Boat Division of General Dynamics Corporation for
providing me with the technical background of fibrous glaus insulation usage
aboard submarines; Lieutenant Rick Supples, MSC, USN, Industrial Hygiene
Division, Naval Hospital, Groton, Contecticut and his staff for teaching me
the techniques of aerosol collection and quantification; Mrs. Elaine Gaucher,
librarian, Naval Submarine Medical Research Laboratory, Groton, Connecticut
for her help In my literature search; Dr. Arthur Callahan and members of the
Biomedical Sciencss Department, Naval Submarine Medical Research Laboratory;
and In particular Captain Douglas I. Knight, MC, USN, for his suggestions and
guidance in completing this project.

16



UNCLASS I FT~f -

SECURITy CL.AWFIICATION OF Tmis PA3Et (Utm D~at Cafters*_____________

READ IN8TRUCTIONSREPORTI DOCUMENTATION PAGE 11IPORR COMPLETING PORM

I. M90IRT RMOR"3. GOVT ACýCSSION 040: "k. ARCIPIENT'S CATALOG NUM§4A

FIBROUS GLASS AEROSOLS: A LITERATURE REVIEW Special repcart
S. PERFORMING OitG. REP6100T 111.10111611

Bruce R. Laverty

F~ WT' w* O GANI ATIO NAM AN. AOOR SS I. PRGRAWMJ EL EIE 71. PRO JECT, T S
".EO1014IGOANIMO ARMI AN A0OR114 10. NUASK

Naval Submarine Medical Research LaboratoryA K N

Box 900, Naval Suumnarlne Base NION
Grotonq CT 06349-5900___ __________

11. CONTROLLING OPPICE NAMC ANO ADDRESS 1J. REPORT DATE

2 Oct 1987
13. NUER11f OF PAGES

149

1. ONTOIN AENY AM IAODRESWeD Eli~sm i Ceniqaaw4 OffII) 1. SECURITY CLASS, (of able MOMf)

UNCLASS IFIlED

14. DISTRIDUT1O44 STATEMENGT (of .W aJes ve 88.63. 9 t.esEb R4

Aproe fo ulcrlae4itiuinulmtd

IS SUPPLEMENTHARY NOTES

Is. KEy WORDI1 (Ceindmm em rgee. aield I# MHWe.Ofw m- IdweWd 9b

Fibrous Class, mnineral %co~l, submrinr e aerosols, imesothel iaa, non-4ra1ignari
respiratory disease, standard mortality ratio,
IL. ASTRACT rCmaUMW vwin 01111111 Of..e "0000 "d 1`10=0 AV Mge" M=f)

Civen the use of ard exposure to fibrous glass lagging aboard submarines,
a review of current scientific articles on the potential health hazards of
fibrous glass was conducted. It*e review inc1ules stu~dies usirri, animal, in
vitro,, and hum~an data. NJo data were available onl fibrous glass aerosol
measurements aboard subma~rines. The majority of the studiies reviewed did not
dew hzuman exposure to fibrous glass ds a significant health hazard.

DDFOAN17 147n EDITION or NOV 64 is OftOLETE9 UNCLASS I FI ED
5/N 102014640, SECURITY CLASSIFICATION OF THIS PAGEI (Wks" Data or"et)


